£53% H1H ot 5 a st Vol. 53, No. 1
2023 4E 1 fA LASER & INFRARED January,2023

N EHHS:1001-5078(2023)01-0101-07 - EHEA -
R 25 [A] B e B O 5 1 AR A AL et

BUE, 2 R RHE, BER
(1. o AR KA R BB WA , 4K KCAR 130033
2. IRBREBERAE BB S BFTD, JE s 100049)

B OB HM2m ERAREH = R E M, KA B E N RGN ENA S LR
BN F e EBEEARTLETRER G TEMUE, A BN SN E mE R, A
s, AR R R A BN E M, BN XA REA RERTRTME LRAEF 60 SiC/
Al, BTHERALE THERE, RTTERA 8 HEEANEARE M ER, B IR LR
BA B AR AT AT I M AT, 9 ELAE AR B A AR A B AR X AR AR G Am 5E A B R
THATS BRI RARALEHTERTEN 1. 42 kg, AL 2| 954 Hzo &5 3R F 4
BHTBNED MR FN  EREN . ENE5ACEABECTIRTES T ALY E5EN
RMS {f & A s KL% 4 9. 651 pum, B % RMS {8 % 7. 535 nm; K 58 4L 1 29 AR & T o — I
BMEH 1S He, i R AR T B ERFERREE K

KW CEFHGBREMHIMEMA R A RT A

HES3ES:VI9;TP391.9 S FRIRAG : A DOI :10. 3969/]. issn. 1001-5078.2023. 01. 016

Optimal design of secondary mirror backplane for large space telescope

CHENG Ming-xing'*, LI Wei'* ,ZHAO Wei-guo' ,ZHAO Hai-bo'
(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences , Changchun 130033, China;
2. University of Chinese Academy of Sciences Materials and Optoelectronics Research Center, Beijing 100049 , China)

Abstract ; A parallel mechanism is used as the adjusting mechanism of the secondary mirror for a 2 m magnitude large
off-axis three-mirror space camera. The moving platform of the adjusting mechanism is directly used as a secondary
mirror support board, which increases the structural stiffness and makes the whole machine structure more compact.
Therefore ,the backplane is the core part of secondary mirror assembly. The backplane is made of 60SiC/ Al with good
dimensional stability and high specific stiffness. Due to the importance of the backplane as a top and bottom support,
it has high requirements for its weight and stiffness,so the topology optimization design is carried out with the stiffness
as the target,and the multi-objective size optimization of the backplane panel and a stiffener is carried out with the
backplane quality and fundamental frequency as the target. The optimized backplane has a mass of 1. 42 kg and a fun-
damental frequency of 954 Hz. Finally,statics and dynamics analysis of the secondary mirror module is carried out.
The results show that the gravity direction displacement and surface RMS values are the largest under the coupling
gravity and 4°C temperature rise conditions ; The maximum displacement is 9. 651 pm and the RMS value of the sur-
face is 7. 535 nm. The first-order natural frequency in the constrained state of the secondary mirror assembly is 115
Hz,which meets the requirements for in-orbit imaging of large space telescopes.
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Tab. 1 Performance parameters of common aerospace materials

Material p/(g+cem™) E/GPa o/ C A/mW -+ (mm+ °C) ! i (E/p) x (M a)
M40J 1.56 145 Designable Designable 0.3 Designable
60 SiC/Al 2.94 213 8.0x10° 230 0.23 2082.9
TCA 4.44 109 8.9x107°° 6.8 0.34 18.7
4J32 8.1 141 0.65 x10° 13.9 0.25 372.3
LC4 2.85 68 21.4x107° 155 0.33 172. 8
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Fig. 1 Schematic diagram of secondary mirror adjustment mechanism
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Fig. 2 Interface of backplane and other components
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Fig. 3 Finite element model of initial structure of backplane
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Fig. 4 Iterative convergence curve
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Fig. 5 Topology optimization results of the backplane
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Fig. 6 Finite element model of DOE analysis
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Fig. 7 Effect of backplane stiffeners and panel sizes on face shape
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Fig. 8 Dimension optimization variables
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Fig. 10 Pareto solution set for size optimization
k2 HHARESHRULER

Tab. 2 Design variables and optimization results

Variable | Range/mm | Initial value/mm | Optimization result/mm
X [3,5] 3 3
X, [4,6] 5 6
X3 [3,5] 3 4.9
X, [3,5] 3 5
X; [2,3] 2.5 2
Xs [3.5] 3 5
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Fig. 11 Backplane structure
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Fig. 12 Finite element model of secondary mirror component

Contour Plot
Displacement (x)
Analysis System

9.615X107°
[ 8.947X107

8.279X107° '
— 7.610x10°
— 6.942X107
— 6.274%107
— 5.606X107
4.938%107
[ 4270x10° .
3.601X10°
(a) BT &
1.0 . . . . . . . . . Surface-001
Loadcase-001
0.8 - t Units-waves
06 [ - 2976 X107
04 2522 X107
’ ' 2,069 X107
% 027 [ [Lels x10°
E 0.0 b FLie2 x10°
= 02 L 7.084 X107
04 ] [ F2549X10°
’ -1.985 X10°
06 T B-6520 %10
0.8 1 r -1.105 X107
-1.0 ——————————t -1.559 X107
-1.0-0.8 -0.6 -04 -02 0.0 02 04 06 08 1.0
X/RMAX RMAX-2412X10?mm
=

K13 A o0 T IR AL K = 4]
Fig. 13 Mirror deformation and surface shape cloud

of the next mirror under coupling conditions
®3 FTERERTARERYKEH
Tab. 3 Secondary mirror deformation and

surface shape under different loads

Load Displacement/ pm RMS/nm
Gy 9.063 3.266
24 C 4.991 5.237
Gy +24 C 9.651 7.535
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Tab. 4 First three modal results

Order Frequency/Hz Formation
1 115 Swing around X axis
2 152 Swing around Z axis
3 164 Swing around Y axis
Contour Plot

Eigen Mode (Mag)
Analysis system
2.474 X10
[2,199 X10
1.924 X10
—1.649 X10
—1.374 X10
—1.099 X10
—8.246
5.497
[2.749

0.000

e N

14 WBRALR RS — B A iR
Fig. 14 The first natural mode of the secondary mirror assembly
5 % #

BEXT2 m i G gl = R as AL, R S T
BAE R OB A R R O A, R R BRI, S IR
BEIARE NG ORI ) 19307 &, 17 K 5 i iz
Blio PRI IEHE e LU W EE | OS5  Bo 55 1k fig
i) 60 SiC/ALE Ry T AR 48, HESE T DARIEE Oy
HAR A HH F A ASE A | 45 3] S 45 5 A5 5 75 19 A
#H 70, FFAIH DOE S285 4 s i DAt i i )
WILEE by R X5 A 0 56 5 B 1o A )& B 645 2 B
P RO BT . AR 452 BT M 8 o Ak 2R 5 W B
PR 0y BH . 5, 47 A BRI o0 e ik
BFR G BME, Z5 R R W] OB S R ALk
HEBE AL 42 ke, REAFIKREN TS5 % ; ] H
T AE = A TO0F B 5 i i Ko 9. 651 um;
BEHE RMS (B Ky 7. 535 nm; Y5 20 74 19 56
— B EA SRS He DL BB R Wit iy
URBE ST M 4 A 2 BT 2R, AT DA AR IR IR 5
MR SRR . i LR SO i 5 ikl Ay

HA MU R TS5
5% 3Lk

[1] Han Changyuan. Study on optical system of high resolu-
tion space camera[ J |. Opt. Precision Eng,2008,16(11) .
2164 —2172. (in Chinese)

BT B A RO RG] oty
K% TR ,2008,16(11) ;2164 -2172.

[2] Qu Lixin. Environmental adaptive design of space mirror
subassembly [ J ]. Opto-Electronic Engineering, 2016, 43
(5):41 —46. (in Chinese)

b AH . 25 1) B B4 A A BRI 1 P [T ] Dl
TF#,2016,43(5) :41 - 46.

[3] Li Xianbin. Research on aberration sub-mirror correction
technology of large aperture space remote sensor [ D ].
Changchun ; University of Chinese Academy of Sciences,
Changchun Institute of Optics, Fine Mechanics and Phys-
ics,2020. (in Chinese)

ARIENR. R AR5 ) R Jes 2R I AR 22 IR B IE H AR
WD ] KA EBE B, T BHE B KR
RS P BT T, 2020.

[4] Zhang Lei,Ke Shanliang,Li Lin, et al. Multi-objective in-
tegrated optimization design of @ 210 mm ultra-thin and
ultra-light SiC mirror[ J]. Acta Photonica Sinica,2017 ,46
(12) :89 —97. (in Chinese)

TR R R 2R, 2. @ 210 mm A SIC R
BiZ ARSI BT[] S 72741 ,2017,46 (12)
89 -97.

[5] Li Weiyan,Lu Qunbo, Liu Yangyang, et al. Analysis and
verification of thermal characteristics of main support
structure of space camera based on low volume fraction
SiC/Al main frame[ J]. Acta Photonica Sinica, 201,50
(4):215 -225. (in Chinese)

P, BREN, XI5, 55 5L TARA S SiC/AL 53
HE AR 2 AR AL SO A5 BVRe P i S R iE [T ] D
F#£4,2021,50(4) ;215 - 225.

[6] Huang T. Research on ultra-lightweight technology of
space off-axis camera reflector assembly[ D ]. Xi’an; Uni-
versity of Chinese Academy of Sciences,Xi’an Institute of
Optics and Precision Mechanics, Chinese Academy of Sci-
ences,2020. (in Chinese)
TR 23 ) AR B S 4 e A B R B
[D]. P42 ip b B R, op B2 Be 1Y 4O~ H
PRI FE BT ,2020.

[7] Ding Mao, Geng Da, Zhou Mindong, el al. Structural



WOt 5 44 No.l

2023 ARG Kz

Al B e U e i B I Ak et

107

(8]

(9]

strength topology optimization strategy based on variable
density method[ J]. Journal of Shanghai Jiao Tong Univer-
sity,201,55(6) ;764 —773. (in Chinese)

TO0 Gk, AR, 4. BT AR A A AR B AR M
PSR () ). R sGE R 7T, 2021,55(6) 764 - 773.
Shao M Q. Research on Integrated Optimization Design
method of Optomechanical Structure for Space Camera
[ D]. Changchun; University of Chinese Academy of Sci-
ences , Changchun Institute of Optics, Fine Mechanics and
Physics, Chinese Academy of Sciences,2021. (in Chi-
nese)

HRASHE. 2 ] AL AL 25 4 4 B IE Ab B T7 i 0 5
[D]. K& PEBEBERE, PR B R F L
WML Py BT 5T , 2021

Yuan X Y,Ma T B. Optimization design of honeycomb
sandwich plate under hypervelocity impact[ J]. Journal of
Ordnance Equipment Engineering, 201,42 (1) :179 -
184. (in Chinese)

/N, SH IS R R AR T e S R R AR A AL
B R FE [ ], e A 3 A TR 2 4, 2021, 42 (1)
179 - 184.

[10] Zhou P W. Research on the robustness design and support

[11]

[12]

key technology of space 2m primary mirror[ D ]. Chang-
chun ; University of Chinese Academy of Sciences, Chang-
chun Institute of Optics, Fine Mechanics and Physics,
Cas,2020. (in Chinese)

JEPA. 23] 2m 9% SRR A PR BT B SCHE R BOR
WEE D] KA E R B, i E B B K F L
PR EAUR-S P AT 5T I, 2020.

Li L. Research on setting technology of off-axis reflection
System based on Zernike Vector polynomial[ D]. Chang-
chun ; University of Chinese Academy of Sciences,Chang-
chun Institute of Optics, Fine Mechanics and Physics,
Cas,2020. (in Chinese)

P T Zernike K 22 35 2N B il S A R 482K R
BRBEFEID ] KA R B R, b B B2 Be
LR E LS P BB 5E BT, 2020.

He D F,Xu R Z, Yang H. Structure design and finite ele-
ment analysis of a mirror[ J]. Application of Optoelectron-
ic Technology,2020,35(4) :60 —65. (in Chinese)
3877 RIRPE Ty — P RO B 25 A B A R
Jeor L] JER BRI, 2020,35(4) 60 - 65.



